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Description 



CONTROLLED VEHICLE SHUTDOWN 

SYSTEM 

Background of Invention 

[0001] The present invention relates to drive- by-wire and elec- 
tronic throttle control systems. More particularly, the 
present invention relates to a system and method of con- 
trolling shutdown of a vehicle. 

[0002] Accelerator and brake foot pedal assemblies are com- 
monly used to mechanically control a vehicle engine and 
brakes, respectively. The foot pedal assemblies usually in- 
clude a pedal arm mounted to a vehicle body with a series 
of links and levers connecting the pedal arm to control an 
associated device. The links and levers may control a fuel 
injector, a throttle body, a brake drum, or the like. These 
assemblies must be designed to withstand and accommo- 
date engine movements relative to the vehicle frame, as 
well as to provide accurate control despite such move- 
ments. In addition, the assemblies must be designed to 



operate within limited packaging space allotted for such 
devices. 

[0003] Drive-by-wire systems have been introduced to overcome 
and satisfy the durability, operating accuracy, and space 
limitations requirements of the pedal assemblies. Drive- 
by-wire systems allow the control of the vehicle engine or 
brakes without the need for a direct mechanical connec- 
tion between the pedal arms and the engine or the brakes. 
These systems utilize electrical or electronic means rather 
than mechanical links. 

[0004] Several current electronic throttle control systems have a 
default position for the throttle plate. The default position 
is typically approximately 7-8° from a closed position, 
which allows a small amount of air to enter the engine. 
The default position serves as an availability feature in 
that when the electronic throttle is inoperable, the engine 
remains running at a high idle. The high idle allows the 
driver to operate the vehicle and proceed to a desired 
destination. 

[0005] it is undesirable to allow the throttle plate to close com- 
pletely upon switching "OFF" the vehicle ignition. When 
the throttle plate is closed or is in a 0° position a risk 
arises of exhaust gases reversing flow back into the en- 



gine. Exhaust gases can reverse flow into the engine due 
to low pressures that exist within the intake manifold of 
the engine. The low pressures are caused by the pumping 
action of the engine, as the engine is spinning down. The 
existence of the exhaust gases in the engine can cause a 
hard start when the ignition system is reactivated. Since 
exhaust gases, in general, have a significantly low com- 
bustibility level they can prevent the engine from starting. 
A hard start is negatively perceived by the vehicle operator 
and is therefore deemed undesirable. 
[0006] Unfortunately, the default position also has an associated 
disadvantage that occurs during shutdown. Upon driver 
deactivation of the ignition system, since the throttle plate 
is in the default position and thus the engine is still re- 
ceiving air, momentum of the engine can cause an in- 
crease in the amount of air being compressed. The in- 
crease in the amount of air being compressed can cause 
the engine to run inappropriately, resulting in engine 
noise and vibration. The noise and vibration can travel 
through the vehicle body to various vehicle components. A 
vehicle occupant may even feel the vibration through a 
seat or steering wheel of the vehicle. This noise and vibra- 
tion is perceived as annoying and is therefore undesirable. 



[0007] Thus, there exists a need for an improved method of op- 
erating an electronically controlled throttle that prevents 
the generation of noise and vibration when the ignition is 
disabled and that also allows for an equalization of the 
low pressure or vacuum that exists within an engine in- 
take during engine shutdown. The improved method 
should not affect feel and performance of the electronic 

throttle pedal or of the electronic throttle control system. 
Summary of Invention 

[0008] The present invention provides a vehicle shutdown system 
and method of powering down a vehicle. The vehicle 
shutdown system includes an ignition-enabling device 
that has an ON state and an OFF state. A controller, that 
has multiple functions, is coupled to the ignition-enabling 
device. The controller temporarily maintains operation of 
the controller functions when the ignition-enabling device 
is switched to the OFF state. 

[0009] The embodiments of the present invention provide several 
advantages. One of several advantages provided by the 
present invention is the provision of a vehicle shutdown 
system that maintains power and functionality of the con- 
troller during shutdown of the vehicle, such as, for exam- 
ple, upon receiving a vehicle disablement signal. In so do- 



ing, the present invention allows the controller to perform 
multiple tasks after receiving the vehicle disablement sig- 
nal. 

[0010] Another advantage provided by one embodiment of the 
present invention is the provision of a throttle control 
system that allows a throttle-controlled device to be in a 
controlled position during idle vehicle operations and that 
minimizes noise and vibration during vehicle shutdown. 

[0011] Furthermore, another advantage provided by an embodi- 
ment of the present invention is the provision of storing a 
position of the throttle-controlled device, of a crankshaft, 
and of a camshaft for improved vehicle start and operat- 
ing performance. 

[0012] Moreover, yet another advantage of an embodiment of the 
present invention is improved vehicle emissions, which is 
provided by reducing the amount of hydrocarbons pro- 
duced and by decreasing the amount of evaporative emis- 
sions generated by a vehicle. 

[0013] The present invention itself, together with attendant ad- 
vantages, will be best understood by reference to the fol- 
lowing detailed description, taken in conjunction with the 

accompanying figures. 
Brief Description of Drawings 



[0014] For a more complete understanding of this invention ref- 
erence should now be made to embodiments illustrated in 
greater detail in the accompanying figures and described 
below by way of examples of the invention wherein: 

[0015] Figure 1 is a block diagrammatic view of a vehicle shut- 
down system in accordance with an embodiment of the 
present invention; 

[0016] Figure 2 is a schematic and block diagrammatic view of 
the vehicle shutdown system in accordance with an em- 
bodiment of the present invention; and 

[0017] Figure 3 is a logic flow diagram illustrating a power cycle 

for the vehicle shutdown system in accordance with an 

embodiment of the present invention. 
Detailed Description 

[0018] | n the following figures the same reference numerals will 
be used to refer to the same components. While the 
present invention is described with respect to a system 
and method of powering down a vehicle, the present in- 
vention may be adapted and applied to various systems 
including: ignition systems, throttle control systems, vehi- 
cle control systems, drive-by-wire systems, or other sys- 
tems known in the art where controlled shutdown and 
functional enablement therein is desired. 



[0019] | n the following description, various operating parameters 
and components are described for multiple constructed 
embodiments. These specific parameters and components 
are included as examples and are not meant to be limit- 
ing. 

[0020] Also, in the following description the term "vehicle com- 
ponent" may refer to any component or system of compo- 
nents within a vehicle. For example, a vehicle component 
may refer to a stereo, an air-conditioning system, one or 
more lights, an ignition system, a lock, a seat system, an 
overhead console, or other various components or sys- 
tems within a vehicle. 

[0021] Referring now to Figure 1, a block diagrammatic view of a 
vehicle shutdown system 10 for a vehicle 12 in accor- 
dance with an embodiment of the present invention is 
shown. The shutdown system 10 includes an ignition- 
enabling device 14 that is coupled to a power distribution 
junction box 16. The junction box has an output 17 that 
is coupled to a controller 18. The junction box 16 sup- 
plies power from a first power source 20 directly and indi- 
rectly to various vehicle components and systems 22. The 
vehicle components and systems 22 include a fuel control 
system 24, an ignition system 26, a transmission system 



28, and vehicle electronics 30, as shown, as well as other 
components and systems known in the art. The vehicle 
components 22 include an engine speed sensor 32, which 
detects speed of an engine 34. The controller 18 during 
vehicle shutdown maintains operation of multiple con- 
troller functions until the speed, which may be in revolu- 
tions-per-minute, of the engine 34 is approximately 
equal to zero. 

[0022] The ignition-enabling device 14 may be active or passive. 
The term "active ignition-enabling device" refers to a de- 
vice that requires some sort of action by an operator in 
order to actuate a locking or starting mechanism. An ex- 
ample of an active system is one that uses a remote con- 
trol to remotely access or start the vehicle 12, such a sys- 
tem may utilize a keyfob (not shown). A passive device, 
typically, includes an authorization device (also not 
shown), such as a smart card, which has a coded signal. 
When the authorization device is within a predetermined 
range of the vehicle 12, the controller 18 checks the 
coded signal on the authorization device before allowing 
access or ignition enablement of the vehicle 12. The igni- 
tion device 14 may be in the form of an ignition start key 
assembly, an ignition start, an ignition switch, or other ig- 



nition starting device known in the art. 

[0023] The junction box 16 may supply power to any number of 
components or systems. The junction box 16 may include 
fuses, relays, switches, splitters, and other power distri- 
bution components known in the art. The junction box 16 
may include control logic for supplying power to the con- 
troller 18 and to other vehicle electronics, such as elec- 
tronics 30. The junction box 16 may also have logic for 
performing remote start and vehicle security functions. 

[0024] The controller 18 may be microprocessor based such as a 
computer having a central processing unit, memory (RAM 
and/or ROM), and associated input and output buses. The 
controller 18 may be an application-specific integrated 
circuit or may be formed of other logic devices known in 
the art. The controller 18 may be a portion of a central 
vehicle main control unit, an interactive vehicle dynamics 
module, a main safety controller, or may be a stand-alone 
controller as shown. The controller 18 may perform as an 
engine controller and perform throttle control functions, 
crankshaft control functions, camshaft control functions, 
remote start functions, drive-by-wire functions, ignition 
system functions as well as other engine related and 
nonengine related functions. 



[0025] The fuel control system 24 includes a throttle-controlled 
device 36, a throttle position sensor 37a fuel pump 38, 
and fuel injectors 40, as shown, as well as other fuel con- 
trol system components known in the art. The throttle- 
controlled device 36 has various positions. In an embodi- 
ment of the present invention, the throttle-controlled de- 
vice 36 has a default position that corresponds to a rest or 
unactuated position. The default position may be approxi- 
mately 7-8° from a fully closed position. The throttle- 
controlled device 36 may also have a shutdown position 
referring to a temporary position that is held during en- 
gine shutdown. The shutdown position may be approxi- 
mately 1.5° from the fully closed position. The default po- 
sition may be electrically or mechanically controlled. The 
throttle-controlled device 36 may be of various types and 
styles known in the art. In an embodiment of the present 
invention the throttle-controlled device 36 is an electroni- 
cally controlled throttle plate, which may be positioned at 
different angles within a throttle bore of a throttle body 
(both of which are not shown). 

[0026] The vehicle electronics 30 may include vehicle lights, 

power windows and seat controls and motors, audio and 
video systems, air-conditioning systems, and other vehi- 



cle electronics or vehicle accessories known in the art. 
[0027] The engine speed sensor 32 may be of various types and 
styles known in the art. The engine speed sensor 32 may 
be a camshaft rotational speed sensor, a crankshaft rota- 
tional speed sensor, or some other speed sensor known in 
the art. 

[0028] An indicator 42 may be coupled to the controller 18 and 
indicate information pertaining to when a component is 
operating inappropriately or is inoperative. The indicator 
42 may include a video system, an audio system, an LED, 
a light, a global positioning system, a heads-up display, a 
headlight, a taillight, a display system, a telematic system, 
or other indicator known in the art. The indicator 42 may 
even be a portion of a memory containing the stated in- 
formation. 

[0029] a safety monitor 43 may be coupled to or included within 
the controller 18. The safety monitor 43 may monitor cir- 
cuit conditions for irregularities or irregular states. The 
controller 18 during shutdown may signal the safety mon- 
itor 43 that tasks being performed during shutdown and 
the states associated therewith are normal to prevent 
generation of a fault signal by the safety monitor. 

[0030] Referring now to Figure 2, a schematic and block dia- 



grammatic view of the shutdown system 10 in accordance 
with an embodiment of the present invention is shown. 
The junction box 16 is coupled to and generates a power 
signal that is received by a first relay 50 and by the con- 
troller 18. The first relay 50 has a first coil and resistor 
combination 52 and a first switch 54. In operation, the 
first coil combination 52 is activated by the power signal, 
which causes the first switch 54 to close. When the first 
switch 54 is in a closed position power from a second 
power source 56 is supplied to the fuel pump 38 and the 
fuel injectors 40. The first relay 50 may be of various 
types and styles and may supply power to various vehicle 
components depending upon the application. 

[0031] The first coil combination 52 is coupled between the junc- 
tion box output 17 and a first diode 57. The first diode 57 
has an anode side 58 and a cathode side 59. The cathode 
side 59 is coupled to a ground 60. The first diode pre- 
vents reverse current from flowing between the first coil 
combination 52 and the ground 60. 

[0032] Th e controller 18 includes a self-powered inverting buffer 
61 that is coupled to the junction box 16. The buffer in- 
verts the power signal received by the junction box 16 be- 
fore it is received by a controlled shutdown module 62. 



The shutdown module 62 receives the inverted power sig- 
nal from a buffer output 63 of the buffer 61. The shut- 
down module 62 performs various vehicle controlled 
shutdown tasks. The tasks are further described in the 
method of Figure 3. 
[0033] The buffer 61 is self powered so that it is able to provide 
power to the shutdown module 62 when power is no 
longer received from the junction box 16, such as when 
the ignition device 14 is switched to the OFF state. The 
buffer 61 is also self-powered to isolate power received 
from the junction box 16 from power received by the 
shutdown module 62. Self-powering the buffer 61 pre- 
vents inadvertent or improper powering of the shutdown 
module 62. Various buffers may be used in replacement 
of or in combination with the buffer 61, as is known in the 
art. 

[0034] Th e shutdown module 62, in one embodiment of the 

present invention, is software based. The shutdown mod- 
ule 62 signals a throttle control module 64 when power is 
no longer being received by the junction box 16 as part of 
a shutdown procedure. The shutdown module 62 also 
controls when power is no longer supplied to the power- 
train sensors and actuators 66, such as when the ignition 



device 14 is switched to the OFF state. The sensors and 
actuators 66 include the engine speed sensor 32 and may 
include various on-board diagnostics. 

[0035] The throttle control module 64 controls actuation of the 
throttle-controlled device 36. The throttle control module 
64 may also be software based. The tasks performed by 
the throttle control module 64 are also further described 
below with respect to the method of Figure 3. 

[0036] The controller 18 also includes a logic "OR" gate 68 hav- 
ing a first input 70, a second input 72, and an output 74. 
The first input 70 is coupled to the shutdown module 62 
and the second input 72 is coupled to the junction box 
output 17. The OR output 74 is coupled to a control 
switch 76. The OR output 74 is in a high state when either 
the junction box output 17 or the power signal is in a high 
state or the voltage output of the shutdown module 62 is 
in a high state. 

[0037] The control switch 76 allows current to pass from a third 
voltage source 78 through a second relay 80 to the 
ground 60. The second relay 80 includes a second coil re- 
sistor combination 82 and a second switch 84. When the 
OR gate output 74 is in a high state the second coil resis- 
tor combination 82 is activated and the second switch 84 



is closed allowing power to be supplied from the third 
source 78 to the sensors and actuators 66. The control 
switch 76 may be of various types and styles known in the 
art. In one embodiment of the present invention the con- 
trol switch 76 is a low side drive current regulator. The 
control switch 76 may have low voltage operation capabil- 
ity. 

[0038] a second diode 86 is coupled between the third power 
source 78 and the second coil combination 82. The sec- 
ond diode 86 includes an anode 88 and a cathode 90. The 
second diode 86 prevents reverse current from flowing 
between the third power source 78 and the second coil 
combination 82. Both the first diode 57 and the second 
diode 86 may be in various locations. 

[0039] The power sources 20, 56, and 78 may be of various types 
and styles known in the art. The power sources 20, 56, 
and 78 may be separate power sources, as shown, or may 
be a portion of or integrated into a single power source. 
The power sources 20, 56, and 78 may be in the form of a 
battery, a capacitor, or other form of power source known 
in the art. 

[0040] Referring now to Figure 3, a logic flow diagram illustrating 
a power cycle for the shutdown system 10 in accordance 



with an embodiment of the present invention is shown. 

[0041] | n step ioo, the ignition device 14 is switched to an ON 
state. In step 102, the junction box 16 determines 
whether to generate a power signal in response to the ON 
state of the ignition device 14. The power signal may be 
generated in response to various remote start and security 
functions, as stated above. In one embodiment of the 
present invention when security parameters, such as a se- 
curity code, have been satisfied the junction box 16 gen- 
erates the power signal. The power signal may be in a 
digital format, such that when generated it is a five volt 
signal representing a logical one or high state. 

[0042] | n s tep 104, the first relay 50 and the controller 18 receive 
the power signal. The first switch 54 closes in response to 
the power signal and in turn causes power to be supplied 
from the second power source 56 to the fuel pump 38 and 
the fuel injectors 40. 

[0043] in step 106, the sensors and actuators 66 are activated 

and the shutdown module 62 remains in a disabled mode. 
Since the junction box output 17 is at a high state, the 
buffer output 63 is at a low state and the OR gate output 
74 is at a high state. The control switch 76 allows power 
to pass through the second relay 80 and activate the sec- 



ond switch 84 in response to the power signal. 

[0044] | n ste p 108, the ignition switch 14 is switched to the OFF 
state in effect generating a vehicle power down or dis- 
ablement signal. The junction box in response to the dis- 
ablement signal ceases generation of the power signal. 
Since the power signal is no longer generated, the fuel 
pump 38 and the fuel injectors 40 are disabled. On the 
other hand, power or an actuation signal is supplied from 
the buffer 61 to the shutdown module 62, since the state 
of the buffer output 63 is the inverse of the state of the 
junction box output 17. Thus, the shutdown module 62 is 
powered and temporary operation of a portion of the 
functions of the controller 18 is maintained when the ig- 
nition device 14 is switched to the OFF state. 

[0045] | n ste p no, the high output state of the buffer 61 acti- 
vates the shutdown module 62 to start a shutdown proce- 
dure in response to the disablement signal. The shutdown 
module 62 supplies a logical one to the OR gate 68 such 
that the OR gate output 74 remains in a high state. Since 
the OR gate output 74 remains in a high state the control 
switch 76 maintains power to the second relay 80. With 
the second relay 80 in an active state, speed of the engine 
34 may be continuously monitored by the shutdown mod- 



ule 62 via the engine speed sensor 32. 

[0046] The controller 18 may perform various tasks or functions 
during the shutdown procedure, such as an electronic 
throttle control function, a camshaft position function, a 
crankshaft position function, a remote start function, a 
drive-by-wire function, an ignition system function, and 
other functions known in the art. The controlled shutdown 
of the vehicle 12 by the controller 18 enables performance 
of these functions upon disabling of the ignition system 
26 or switching of the ignition device 14 to the OFF state. 

[0047] | n ste p n2 of the embodiment illustrated by Figure 3, the 
shutdown module 62 signals the throttle control module 
64 to position the throttle-controlled device 36 to be in 
the shutdown position. The controller 18 may also adjust 
position of the throttle-controlled device 36 in response 
to a throttle position signal generated by the throttle po- 
sition sensor 37. The shutdown position may be a prede- 
termined position and may, for example, be approxi- 
mately 1.5° from a fully closed position, as stated above. 
The shutdown position prevents noise and vibration gen- 
eration during shutdown by decreasing the amount of air 
that may enter the engine 34 over that of the default po- 
sition. The throttle-controlled device 36 remains in the 



shutdown position until speed of the engine 34 is approx- 
imately equal to zero. 

[0048] | n another example, the controller 18 performs an im- 
proved throttle learning closed in bore position function 
during the shutdown procedure. Position of the throttle- 
controlled device 36 may change over time due to compo- 
nent wear and other variables known in the art. Thus, po- 
sition changes of the throttle-controlled device 36 are 
monitored over time. When position variations occur the 
controller 18 compensates for these variations by adjust- 
ing predetermined or actual positions of the throttle- 
controlled device 36. Having knowledge of these varia- 
tions allows for improved and more accurate throttle ac- 
tuator positioning. 

[0049] | n y e t another example, the controller 18 again as part of 
the shutdown procedure may upon switching the ignition 
device 14 to the OFF state or during some moment in time 
soon thereafter ignite residual fuel remaining in the en- 
gine 34. The ignition of the residual fuel provides im- 
proved evaporative emissions and reduces hydrocarbons 
generated during "start-up" or when the ignition system 
26 is reactivated. 

[0050] Additionally, the controller 18 may record positions of the 



camshaft or the crankshaft, of the engine 34, during the 
shutdown procedure. Knowledge of engine positioning al- 
lows for more accurate control and efficient start-up of 
the engine 34. The controller 18 at start-up can better 
determine fuel supply amounts or flow rates and ignition 
timing for each of the cylinders. Accurate fuel supply and 
ignition timing provides efficient fueling and minimized 
generation of undesired emissions. Also, recordation of 
the engine positioning provides improved engine start 
consistency even when the vehicle operator releases the 
ignition device 14 quickly. 

[0051] Furthermore, the controller 18 may record transmission 
gear settings during the shutdown procedure. In response 
to the transmission gear settings the controller 18 may 
prevent key removal unless the vehicle 12 is in a park 
mode, improving safety of the vehicle 12. This function 
may also further increase vehicle safety by preventing 
start of the engine 34 unless the transmission of the vehi- 
cle 12 is in a park or neutral gear. 

[0052] | n s t e p H4 j the engine speed sensor 32 generates an en- 
gine speed signal indicative of the speed of the engine 34. 
In step 116, the controller disables throttle actuator con- 
trol and power to sensors and actuators 66. The throttle- 



controlled device 36 returns to the default position. The 
shutdown module 62 returns a first input 70 of the OR 
gate 68 to a low state when the engine speed signal is ap- 
proximately equal to zero. The control switch 76 is deac- 
tivated in turn deactivating the second relay 80, opening 
the second switch 84, and disabling the sensors and actu- 
ators 66. In step 118, the controller 18 powers down. 
[0053] The above-described steps are meant to be illustrative 

examples; the steps may be performed sequentially, syn- 
chronously, simultaneously, or in a different order de- 
pending upon the application. Also, the above-described 
states of the various components and systems are for ex- 
ample purposes, other states and state combinations may 
be utilized. 

[0054] The present invention provides a controlled vehicle shut- 
down system and method of performing a vehicle shut- 
down, which enables performance of multiple shutdown 
tasks. The present invention prevents noise and vibration 
from occurring during a vehicle shutdown and can be 
used to improve fuel efficiency and to minimize vehicle 
emissions. 

[0055] while the invention has been described in connection with 
one or more embodiments, it is to be understood that the 



specific mechanisms and techniques which have been de- 
scribed are merely illustrative of the principles of the in- 
vention, numerous modifications may be made to the 
methods and apparatus described without departing from 
the spirit and scope of the invention as defined by the ap- 
pended claims. 



